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(54) Tide: LANGMUIR BLODGETT FILMS 



(57) Abstract 

Novel Lattgmuir-Blodgett (LB) films of ABAB struc- 
ture in which the compounds A and B are different and con- 
tain complementary groups which result in non-centro- 
symmetry of the layer plane. Three types of structure are 
I described © in which A and B have similar backbones with 
complementary chromophobe groups 00 in which A and B 
have similar backbones with complementary functional 
groups and (iii) in which A and B have related functional 
groups but complementary backbones. Preferred LB films 
contain the compound (I). 
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LAKGMUIR BLODGETT FILMS 



5 



10 This invention relates to Langmuir-Blodgett (LB) films, and to 

devices using such films. 

An LB film is generally prepared by depositing a monolayer of a 
surface-active material onto a water surface, using now well estab- 
lished techniques. The molecules of the surface active material 

15 align in the monolayer, the hydrophilic ends remaining in the water, 
and the hydrophobic end projecting out of the surface. By other 
known techniques, this monolayer may be transferred essentially 
intact onto the surface of a solid substrate, and further monolayers 
deposited on the layer on the substrate to form a film, ie a 

20 Langmuir-Blodgett film. 

Compounds used in LB films are generally long chain molecules, 
containing 14 or more carbon atoms in their chain, with a hydro- 
philic "head" and a hydrophobic "tail", such as long chain car- 
boxylic acids, eg CH 3 (CH 2 ) 11| C0 2 H, where the COgH group constitutes 

25 the hydrophilic head, 

LB films have properties, which make them useful in certain 
electronic devices. 

Conventional (Y-type) LB films are symmetrical about their 
layer planes; However one of the most interesting features of the 

30 ' LB technique is the ability it gives to carry out the assembly of 
complicated— molecular— systems— by— depositing— successive_layers_of 
different materials • In particular multilayer films of the 
general type ABAB.. where A and B are monolayers of different 
materials, and are non-centrosymmetric, are expected to show inte- 

35 resting and potentially useful pyroelectric , piezoelectric and 
second order non-linear optical eff cts. A two compartment LB 
trough has been developed which allows the convenient fabrication of 
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ABAB. • films . 

Int rest in pyroelectrics for thermal detectors is generally 
increasing because of their wide spectral response, sensitivity and 
lack of cooling requirements. Thin film pyroelectrlcs in particular 
5 are provoking much interest due to the shorter response times 
available with low thermal mass, large area capability, and com- 
patibility with electronic readout devices such as the charge 
coupled device (CCD) or the pyro-FET • Being a low temperature 
technique the LB technique is compatible with semiconductor 
10 materials and large areas of uniform deposition are in principle 
possible. 

To produce a pyroelectric effect a material must possess a 

spontaneous polarisation P tf (C cm" ) thus it must also possess a 

s 

polar axis. This requires that the material be non-centrosym- 

15 metric. Normally P fl is not directly observable due to compensation 

of the surface polarization charge by conduction charges from the 

material or atmospheric ions. However P fl may be a function of the 

temperature T, and if T is changed slightly the compensation charges 

are too slow (since pyroelectrics are dielectrics) to follow the 

20 change in P o and a charge + Q appears on the surfaces perpendicular 

to the polar axis; this is the pyroelectric effect. 

We define the pyroelectric coefficient by 

P = dP /dT (C cm" 2 K~ 1 ) 
*^~s 

and therefore 
25 Q = pdT 

Generally p is also p(T) but the variation is normally weak 

except near phase transitions in ferroelectric pyroelectrics. 

Therefore we can write Q = pAT where AT is a small change in T. 

Conventional high performance pyroelectrics have p = 3 x 10" C cm" 
30 K* 1 . Nearly all such mat erials are ferroelectrics operating close 

to their Curie temperature to obtain the high dPs/dT. 

In conventional Y-type LB films the molecular dipole moments of 

adjacent layers cancel and therefore P 0 s 0.. In an ABAB ... film 

the dipole moments of A and B being different do not cancel but add 
35 vectorally to give a non zero P 0 and a polar axis perpendicular to 

the film plane. X and Z type films will also show a non-zero Ps; 

pyroelectricity and pi zoelectricity in such films has been reported 
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by Blinov4,5. 

It is an object of the present invention to provide novel LB 
films which have improved pyroelectric and piezoelectric pro- 
perties. Other objects and advantages will be apparent from the 
5 following description. 

According to a first aspect of the invention a Langmuir- 

Blodgett film of . . ..ABAB structure is composed of compounds A 

and B which are different, A and B containing complementary groups 
that result in non-centrosymmetry of the layer plane, the layers of 
1° A and B being optionally separated by a counter layer. 

By "complementary groups" it Is meant that A and B contain 
different atomic groupings in their structure so as to result in 
non-centrosymmetrio layering in the LB film. 

Compounds A and B will normally be long chain molecules con- 
'5 taining 14 or more carbon atoms, in an essentially linear skeleton, 
one end of the molecule being of generally hydrophilic character, 
the other being genera%hydrophobic. 

In preferred embodiments of the invention, the compounds A and 
B may have the fallowing general structural types (i), (ii) and (iii): 
20 (i) Compounds A and B may have a generally similar backbone in 

terms of disposition of functional groups, the length of their 
backbone, their molecular shape and polarity, but wherein A and 
B contain groups which are chromophores, which may be the same 
or different, which result in non-centrosymmetric layering of A 
25 and B in the LB film. 

In one embodiment of this type, the chromophore group in A and 
B is the same , but the group is disposed within their 

moecular structures rotated through 180" about afx axis perpendicular 
to the molecular skeleton relative to the positions of the hydro- 
30 philic and hydrophobic ends. 

For example A may have a structure: 

E - C - F 
and B may have a structure: 
E 1 - C 1 - F 1 

35 where E and E 1 may be the same or different, and are independently 
selected from: 

CHjCCHg)^ 
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where i is 2-20 f 

F and F 1 may be the same or different, and are independently 
selected from: 

-(CH 2 )j CO.Z 

5 where j is 0 to 10, preferably 2 to 4 and Z is selected from -0H f 

12 1 2 

C 1 g alkyl and NR R where R and R may independently be H or C^g 

alkyl. F is a hydrophilic group* E,E 1 , F and F 1 may contain the 

same or different numbers of carbon atoms, in each case the total in 

E plus F and E 1 plus F* being 14 or more, 

10 C and C 1 are chromophores which result in non-cent rosymmetrlo 

layering of A and B in the LB film. C and C 1 may be the same or 

different, and are preferably selected from 



25 



15 where X and Y are each independently selected from: 

=NH, -MR 3 (R 3 being C^ 4 alkyl) , sC0,-CH(CN) , *CH(0NO 2 ) ,*CH 
(Halogen), -C00-, -0OC-,*CH(0NO) , ^0-NH-,-C0 NR- (where R U is C 1-g 
alkyl) and -0- • 

It is preferred to- use polar groups "X and Y which undergo solid 
20 state reorganisation, to give a large dP s /dT in the region of room 
temperature . 

C and C 1 may respectively be X — ^5)— Y y ~"^D)— x 1x1 the 
molecules A and B, ie to give structures of the type: 

E-X-@-Y-F 
and -T-®-*-'' 



so that in these structures the chromophore is rotated through 180* 
relative to the positions of the hydrophilic and hydrophobic ends. 
30 In LB films of the type (i) non-centrosymmetric layering occurs 
as-below: — . 



A B A B 

E - C - F F 1 - C 1 - E 1 - E - C - F F 1 - C 1 - E 1 
E - C - F F 1 - C 1 - E 1 - E - C - F F 1 - C 1 - E 1 
35 E - C - F F 1 - C 1 - E 1 - E - C - F F 1 - C 1 ~ E 1 

(the layer planes here being shown as running vertically) 

In LB films of type (i), if it is considered necessary to 
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interpose one or more counter-layers bet Keen the layers AB, a pref rr- 
ed material for counter-layers is a long chain alfcyl amine f formula 
CH^CCHg^KHg where n is 16 to 26, preferably 18 to 20. 
A particularly preferred chromophore group is 

(ii) Compounds A and B may have a generally similar backbone in 
terms of the length of their backbone, their molecular shape 
and polarity, but in which A and B contain different complementary 
10 functional groups which result in non-oentrosymmetrio layering in 
the LB film. 

The functional groups which result in non-centrosymmetric 
layering are preferably located at the terminal position of the 
molecule. 

15 For example A may be a molecule: 

R S 

and B may be a molecule: 
P Q 

where. R and P may be the same of different functional groups or 
20 hydrophobic termini, and Q and S are different functional groups, 
— - representing the molecular backbone, non-centrosymmetric layer- 
ing in the LB film occurs as below: 

A B A B 

S R P Q S R P Q 

25 S R P Q S R P Q 

S R P Q S R P Q 

(the layer planes being shown as running vertically) 

Various preferred embodiments of this 
type are discussed below: 
30 (a) A is a long chain alkyl amine of the structure C n H 2n+1 - NH 2 
where n iT-an-inteffer-between- 1 6-and-26 r -Pref erabl v 18 to 20. It 



has been found that at n greater than the chain begins to become 
too rigid for use at room temperatures, and that at n less than 16 
the amine becomes too soluble in the subphase. 
35 B is a long chain fatty acid of the structure R 5 (CH 2 ) m C00H 

where R^ is selected from CH^ and CH 2 =CH, and where m is indepen- 



WO 87/00347 



PCT/GB86/00371 



6 

dantly an integer within the limits and preferences aet above for 
n. 

(b) A is a long chain alkyl amine as defined in (ii)(a) above, and 
B is a compound of general structure: 

in which k is 2 to 20, 1 is 0 to 10 preferably 4, I, Y and Z are as 
defined in connection with type (i) above. 

An example of such an A-B combination is 
10 A is stearylamine (n-octadecylamine Cjg^y-NHg^ 

0 _ 

B is ^(CHgJ^G-^-yKCI^J^GOOH 

GH^ 

(c) A is a long chain alkyl amine as defined in (ii)(a) above, and 
15 B is a compound of the structure: 




where p is .6 to 25, preferably no more than 21 • 

(iii) Compounds A and B may have the same or a closely related 
functional group and different complementary structural backbones 
which result in non - centres ymmetric layering in the ^ABAB- film. 

The functional group is preferably located at a terminal 
position in the molecule. A preferred functional group is -C0Z, with 
Z as defined above, especially -OH ie a carboxylic acid group. One 
or more of the compounds A and B may contain a chromophore, such as 

where X and Y are as defined above. 

In a preferred LB film of this type: 

A is a long - chain alkyl carboxylic acid of general formula: 

: -R^CGHg^^GOOH 

where and m are as defined above, and 

B is a chromophore - containing compound of general formula: 

CH 3 (GH 2 ) k -X-^-I-(CH 2 ) 1 -GOZ 

where k, X, Y, 1 and Z are as defined above. 
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In this description the term "chromophore" is used as that part 
of a molecule which produces its colour , or its light absorbance in 
the non visible region of the spectrum- Preferred chromophores are 
polar chromophores, as it is polarity of the chromophore which is 
5 responsible for their pyroelectric activity in LB films rather than 
their light absorbance. 

Langmuir Blodgett films according to the invention show pyro- 
electric activity in the region of room temperature. Some may alao 
show piezoelectric behaviour. Films according to the invention 
10 which have a high degree of polarisable structure may also show 
non-linear optical properties. 

Films according to the invention also have the advantage that 
their polarisation is solidly built into their structure, and is 
thus unlikely to be lost or reversed at an electric field strength 
15 below the dielectric breakdown field. 

Langmuir Blodgett films according to the invention may be 
prepared by known means, for example using the apparatus and method 
described in reference 3. 

Films according to the invention may be used in electro optical 
20 and other electronic devices which use a Langmuir Blodgett film as a 
sensing element, and therefore according to a further aspect of the 
invention an electronic device is provided which incorporates a 
Langmuir Blodgett film as described above as its sensing element. 
In particular there is provided a thermal sensor which incorporates 
25 as its sensing element a Langmuir Blodgett film according to the 
invention. Such devices may be constructed using methods known in 
the art. 
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The invention will now he described by way of example 
only with reference to the accompanying figures 1 to 4* , which 
show: 

Fiff.l Voltage responsivity versus chopping f reauency 

5 for • . .ABAB ... LB film of stearylaraine /CO - 

tricosenic acid* Total thickness 500 layers. 
Figs. 2, 3, *f Pyroelectric coefficient (p) versus absolute 

temperature (°K) for various LB films of types 

(i), (U)(a) f (ii)(b) and (iii). 

10 

Experimental Details 
1 . Materials 

Saturated carboxylio acids were obtained from Sigma (99%). 

15 Stearylamine (n-octadecylamine) was obtained from ICN Pharmaceu- 
ticals Inc. <*-tricosenoic acid (CH 2 =CH(CH 2 ) 2 qC00H) was klndl y 
supplied by Dr A Barraud and A Ruaudel-Teixier (CEN Saclay) and 
Gedye 22 was kindly supplied by Dr G L Gaines Jr., (General Electric 
Company). All the above were used without further purification. 

20 The dye called 180N4A was synthesised using a standard method. All 
the materials were spread from high purity solvents (BDH Ltd Aristar 
grade) usually 1,1,1, trichloroethane or chloroform. 
Gedye 22 is an abreviation for the compound: 

25 ffi 3 (CH 2^rCKQ=o 



30 
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180N4A is an abrviation for the compound: 



CH 3 ((H 2 ) 17 ^-^-K-.(CH 2 )^C00H 




Other compounds were synthesized as described below. 
Compounds of the general formula : 



GH 3 (CH 2 ) Bl -0-^)-C-(GH 2 ) n C00H Glass 1 



10 



15 



20 



25 



(a) Phenol (0.1 mole) and sodium hydroxide (0,1 mole) in ethanol 
(100 ml) were stirred and refluxed during the dropwise addition of 
an appropriate 1-bromo alkane (0.095 mole), stirring and refluxing 
being continued until the 1-bromo alkane was consumed, as evidenced 
by TLC (typically 12 hr) after removal of the ethanol solvent, the 
reaction mixture was diluted with water and the product extracted 
with chloroform. The dried extract was vacuum evaporated and the 
residue crystallised from light petroleum to give the phenoxy alkane 
(Yield ca. 80%). 

(b) Aluminium . chloride (0.03 mole) was added to a solution of the 
above phenoxy alkane (0.01 mole) and the methyl ester chloride of 
the appropriate alkane dioic acid (0.0105 mole) in dichloromethane 
(20 ml). The mixture was stirred at room temperature for 24 hr or 
until TLC showed the absnece of starting material, then hydrolysed 
with dilute hydrochloric acid and ice. Chloroform extraction and 
vacuum evaporation gave the keto-ester which was recrystallised from 
light petroleum (Yield ca. 80%). 

(c) The above keto-ester (0.01 mole) was refluxed with sodium 
hydroxide (0.04 mole) in ethanol (15 ml.) and water (2 ml.), until 
TLC showed the absence of starting material (ca.lhr). After removal 
of the solvent ethanol the product was collected by chloroform 
extraction. Concentration of N the dried extract gave the ketoacid 

-which— was_fur_ther_purified b y recrystallisation from chloroform. 

Compounds of the general formula : 



(a) w-Phenoxyalkanoic esters. The requisite w-bromalkanoic acid 
ester was made by stirring the commercially available acid (2g.) 




Class 2 



35 
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with the appropriate alcohol (70 ml.) at room temperature, the 
reaction being catalysed by the addition of a small amount of acetyl 
chloride. After 2 1 * hr., or when TLC indicated total conversion, the 
excess alcohol was removed by vacuum distillation and the ester 
5 taken up in chloroform* The extract was washed with sodium bicar- 
bonate, water, then dried and vacuum evaporated to give the ester 
which was used directly without further purification. Alky lat ion of 
phenol with the w-bromoester was carried out as in 1(a) above using 
the same alcohol as solvent as was used in the previous esterifi- 

10 cation step to avoid trans-esterification. 

(b) Acylation of w-phenoxyalkanoic esters. The requisite acyl 
chlorides were prepared from commercially available alkanoic acids 
by reaction with thionyl chloride, and purified by vacuum distill- 
ation. The acylation reaction was carried out using the method 

15 outlined in Kb) above, the resulting ketoester being hydrolysed to 
the w-(4-alkanoylphenoxy) alkanoic acid by the method of 1(c) 
.above. 

Compounds of the general formula : 

20 CH (CH 2 ) J-@-HCH 2 ) n <XX)K Gla6« 3 

GH 3 

(a) w-(N-methyl-N-phenylamino) alkanoic esters. A mixture of 
K-methylaniline (0.1 mole), the methyl or ethyl w-bromoalkanqate of 
2(a) above (0.1 mole), and sodium carbonate (0.3 mole) in hexa- 

25 methylphosphorus triamide (50 ml.) was stirred and heated at 140 # C 
until TLC showed total conversion of starting material (ca. 20 hr«), 
then cooled and diluted with water (200 ml.). The precipitated acid 
was collected, washed, and recrystallised from ethanol.. Acids' which 
precipitated as oils were collected by chloroform extraction prior 

30 to recrystallisation. 

(b_) w-N-( 4-form ylphen yl)-N-methylamlno alkanoic esters. The 

aminoester from (a) (0.005 mole) was added to phosphorus oxychloride 
(5 ml.) in N,N-dimethylformamide (20 ml.) at room temperature. The 
mixture was heated at 90-95 a C for 2 hr., then cooled and neutralised 

35 with aqueous sodium hydroxide. The crude aldehydic ester was 
collected by extraction with ethyl acetate and purified by chromato- 
graphy over silica in ethyl acetate - light petroleum, prior to 
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reorystallisation from light petroleum (Yield ca. 75*). 

(c) A solution of Grignard Reagent was prepared from the requisit 
alkyl hallde (0.006 mole) and magnesium turnings in dry tetrahydro- 
furan (30 ml.) under argon. The above aldehydic ester (0.004 mole) 

5 in dry tetrahydrofuran (5 ml.) was cooled to -15 *C and the solution 
of Grignard reagent added dropwise during 10 min. The reaction 
mixture was stirred at -15 - -5*C until TLC showed no further 
conversion (ca. 45 min), then hydrolysed with aqueous ammonium 
chloride and extracted with ether. Evaporation of the dried 
10 ethereal extracts and chromatography of the residue over silica in 
ethyl acetate - light petroleum gave the alcohol (ca. 55%) which was 
oxidised directly. 

(d) The above alco&ol in dicfaloromethane (5 ml.) was treated with 
pyridinium dichromate (0.014 mole) and stirred at 0*C for 12 hr. 

15 The reaction mixture was diluted with water and the ketoester 
collected by ether extraction. It was purified by chromatography 
over silica with ethyl acetate - light petroleum (Yield ca. 30$). 

(e) The ketoester (0.003 mole) was refluxed with sodium hydroxide 
(0.009 mole) in ethanol (18 ml.) and water (2 ml.) until reaction 

20 was complete as determined by TLC. On cooling, the solution was 
acidifed with dilute hydrochloric acid. The precipitated ketoacid 
was collected, washed and recrystallised from chloroform (Yield 
ca.70Jt). 

Using the methods described above, compounds as follows 



25 were prepared: 

m ji 

Class 1 8 4 

w 11 4 

15 4 

30 " 15 2 

Class— 2 -1-7 4_ 

Class 3 17 4 

" 17 6 

17 8 



35 2. Multilayer Deposition 

All films were deposited on aluminized glass cover slips cut to 
2 cm square. The cover slips were cleaned ult.rasonically in Decon- 
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90 followed by rinsing in pure filtered water and drying in a stream 
of nitrogen before evaporation of the 1 cm wide aluminium electrode 
stripe (> 60nm thickness) in a cryogenically pumped (oil free) 
vacuum coater. Thickness control was achieved by use of a quartz 
5 crystal monitor at the substrate plane. The source was a resis- 
tively heated tungsten filament and the source to substrate distance 
was 40 cm. 

Stearylamine/carboxylic acid ABAB... films were produced using 
the RSRE two-compartment trough^. Each compartment was maintained 
10 at a surface pressure of 30 mN m" 1 over a.subphase of pure water 
(original resistivity 18 Mflcm). Transfer to the substrates was 
effected atA/ 5mm sec" 1 with the amine being deposited on the down 
stroke. Transfer ratios were near unity. 

Stearylamine/Gedye 2 2 films were deposited with the surface 
!5 pressure in the Gedye compartment being 25 mN nT 1 - The subphase 
contained 10~^M ammonium sulphate and was maintained at a pH of 7.5 
+ 0.3. Transfer was effected at r+ 1 6m min* 1 to allow the Gedye 
film to drain. Stearylamine was transferred on the down stroke. 

Stearylamine/180N4A films were deposited under identical 
20 conditions to the stearylamine/carboxylic acid films. 

In all cases two substrates were coated together. After 

deposition the films were left for 24 hrs before evaporation of a 

top aluminium electrode stripe perpendicular to the first. The 

2 

final device area was 1 cm . 
25 3 # Preliminary Film Assessment 

(a) Infrared spectroscopy 

Infrared spectra were obtained using a Perkin Elmer 983G 
infrared spectrometer. The samples were deposited as films 50 
layers thick on the polished faces of Ge prisms (5 x 1.5 x 0.2 
30 cm, Harrick Scientific Corp) and the measurement was made using 
Efie~£ecfinIque~~o'f ~attenuated-total— reflection— (ATR)-6-.- 

(b) Dielectric Measurement 

Capacitance and tan 8 data were obtained using a Hewlett- 
Packard 4274ALCR meter. The signal amplitude was set at 
35 50 mV. All measurements were made in laboratory ambient 

conditions on the samples assessed for pyroelectric activity. 

(c) X-ray d-spacings 
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Measurements were made- on a 50 layer ABAB film of stearyl- 
amine / arichidic acid deposited on a silanized unaluminized 
cover slip. A low - angle diffractometer with Cu K radiation was 
used. 

5 *K Pryoelectric Assessment , 

This was carried out using dynamic and static methods as 
described in G V Smith, M F Ikniel, J tf Barton and N Ratcliffe, 
Proc. Conf . on Langmuir Blodgett Films, Schenectady NY, July 1 - 
* 1935, in Thin Solid Films (TSF ref . 8560). 

10 Results 

1. Infrared Spectra , 

The results indicated the formation of the ions C^H^COO" 
and C^gH^^NH^ + due to proton transfer between the acid and the 
amine. The 'salt* of these two ions has therefore been formed, 
15 with a large dipole moment. 

2. Pyroelectric Measurements , 

The static method was found to allow determination of temper- 
ature changes more accurately and results are summarised briefly 
in Table 1. 

20 In Table 1 the following values are given: 

d - X-Bay d- spacings 
£ r = dielectric constant 
tan S 

P 35 pyroelectric coefficient 



25 
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Since P„ ia dipole moment/unit volume and since the hydrocarbon 
tails of the saturated fatty acids contribute to the molecular 
volume but not significantly to the dipole moment we attempted to 
introduce a systematic variation in P 3 and hence hopefully in p by 
*j varying the length of the fatty acid B layers in our films. It is 
obvious from Table 1 that this objective has not been achieved. 
Calculation yields an expected change in P^ of 15* on going from 
Cjg acid to acid and this small change f if it appears at all in 

p, is lost in the scatter of the results. All the amine/saturated 

-11 -2 -1 

XO acid films give p^/ 5 x 10 C.cm .K . 

Films of stearylamine with the unsaturated fatty acido>-tri- 

cosenic acid consistently gave values twice as high p =.1 x 10*^0. 
—2 —1 

cm .K This presumably reflects the temperature dependence of 

the dipole moment of the terminal double bond ( 0.3 D) since- that 

15 is the only difference between a -tricosenoic acid and saturated 

carboxylic acids. 

Films incorporating the merocyanine dye Gedyep 2 gave very low 
12 2 1 

values of p ( 8 x 10 C cm K ). These films when 

2 

measured had the dye in its yellow form with the enolic oxygen 
20 protonated, which reduces the intramolecular charge transfer, contri- 
bution to the dipole moment. Also there is no amine/acid salt 
formation. So P fl for these films may be small compared with the 
amine/acid films and this may explain the small value of p. The 
higher value for £ r is an indication of the high polarisability of 
25 the ehromophore which has possibilities for non-linear optics. 

Also included in Tabl~e~~1~for comparison— are— the-data-obtained 
for a Y-type film of c*> -tricosenoic acid showing the very small 
observed pyroelectric effect in a centrosymmetric LB film which may 
be due to small differences in the transfer ratios in the up and 
30 down directions or residual drift in the apparatus. 

The temperature dependence of p for ABAB... films of steary- 
lamine with various fatty acids is shown in Figure 2. The low 
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Table 1. 



5 


A 


B 


d 


(lkHz) 


tan S- 


. -2. -1* 
p(Gcm TC A ) 

(280-285K) 




C^CHCCH^qCOOH 


CH 2 CH(CH 2 ) 20 C00H 


0.45 


2.85 


0.0007 


2 x 10" 12 




G 13 H 37 HH 2 


C^^COOH 


0.26 


2.71 


0.016 


3.2 x 10" n 


10 




Gi^GOOH 


0.13 


2.48 


0.020 


5.8 X 10" U " 






G 21 H^G00H 


0.23 


2.82 


0.033 


3.3 x 10" 11 






Gg^COOH 


0.15 


2.66 


0.009 


6.0 x 10 -li . 






Gedye 22 


0.23 


6.49 


0.0^ 


8.1 x 10 -12 


15 




180N4A 


0.14 


3.24 


0.006 


2.25 x 10~ 10 






CH 2 CH(CH 2 ) 20 C0bH 


0.40 


2.91 


0.094 


1 -TO 

1.14 x 10 ~ u 


20 


Gedye 22 


is: GEjCCI^)^ 


o 


NO 


=0 





180N4A is: GH 3 (CH 2 ) 17 -C , -^)-ir-(CH 2 ) Zf GCOH 



30 



•3fe Y-type film for comparison. 
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temperature limit was determined by the cooler and the high temper- 
ature limit by the background current r which varied from film to 
film but always increased sharply above room temperature. it is 
obvious that p increases at higher temperatures with the rate of 
5 increase being much higher above about 280K. Below that temperature 
all three curves are quite parallel. This general trend of p(T) was 
found for all films examined. 
X-RAY MEASUREMENTS 

The bilayer repeat distance for a 50 layer fill* of stearylamine 

c 

10 arachidic acid has been determined to be 49 A. This is somewhat 

smaller than the value one would calculate from measuring molecular 
o 

models (54 A) and indicates a degree of molecular tilt within the 

layer planes. 

DISCUSSION 

15 By making certain assumptions it is possible to calculate an 

approximate maximum value of P 0 for the amine/acid films. Assum- 
ing complete proton transfer, a resulting charge separation of 0.3 
nm and a bi-molecular (acid + amine) volume of 1.25 x 10~ 2 ^ m^ 
we obtaiz? Ps = 4 jiC cm . The observed values for p therefore 

20 represent a change in P_ of ^/ 10 ppm K"*« It is interesting to 
note that the calculated value for P^ is similar to that measured 
for the high performance pyroelectric TGS (triglycine sulphate)^ 
(2.7 pC cm ). The greater than 500 fold difference in p is 
therefore even more striking. However TGS is ferroelectric which 

25 means that its polarisation can be switched by a sufficiently high 
field applied for long enough and that its polarisation vanishes 
above its Curie temperature by a crystallographic rearrangement. 
For an ABAB... film the polarisation is solidly built into the 
structure and one cannot conceive of any electric field short of the 

30 dielec tric breakdown field which could change that. Similarly no 
temperature below the melting point is likely to change"~P~signl- 
ficantly. The low values of p are thus explained by the fact that 
the charge on the headgroups is probably invariant with temperature 
and the only change in P g is due to a change in molecular volume 

35 due to thermal expansion. 

Films containing the 1 8 ON 4 A dye will have larger values of P fl 
than stearylamine/fatty acid films because the dipole moment of the 
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chromophore is in the same sense to that at the head group. The 

higher observed value of p then probably means one of two things* 

Either the dipole moment or the orientation of the chromphore within 

the films changes thus changing the projection of its dipole moment 

5 on the polar axis (film normal) and its contribution to P . We 

s 

cannot as yet decide between these two options. 

In all the films so far examined the effect of increasing the 
temperature is to decrease P 0 . 
CONCLUSIONS 

10 We have succeeded in producing ABAB... films of stearlyamine 

with various film forming materials. As expected these films 
exhibit pyroelectric aclvity and we have meaured this as a function 
of temperature and material. Calculation of ? Q for the amine/ fatty 
acid films yields a surprisingly high value which is not refelected 

15 in p. Films containing 18 ON 4A, display a larger value for p. It 
thus appears that much can be done to increase p by introducing 
polar groups with the right characteristics. 
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In a further series of experiments, LB films of types (iii) 
and (i) above were prepared and investigated. These contained 
the compounds: 

l80N*»A (see above) 



CH, 0 
1 ~ « 



18NC4A CH 3 (CH 2 ) 17 K-.^-C.(CH 2 ) if C00H 
140* C4A CH 3 (CH 2 ) 13 0-^-G.(CH 2 )^COOH 
10 Eicosanoic acid OLjCCH^gCOOH 

Experimental Method . 

♦ 

The compounds Here repeatedly recrystallised and their purity 

checked by thin layer chromatography and mass spectroscopy. 

Dilute solutions (0.2 - 1.0 mg/ml) in 'Aristar' (BDH Ltd, UK) 

grade solvents were spread on a commercial two compartment trough 

incorporating the RSHE gate design as described above. Pressure 

was naintained at - 1 mS nf 1 of the set transfer pressure for each 

2-i- 

material. The subphase conditions were pH = 8.5 + 0.2; Cd 4 = 
2.5 x lO^H. The subphase had an original resisitivity of 18 M O 
cm. Substrate speeds of Imn/sec were used. l80N*4A was normally 
dipped on the up stroke, 1^0' 0*4A and l^NC&A on the up stroke. 
Eicosanoic acid could be dipped on either stroke. The substrates 
and electrode arrangement was as described above. 

Pyroelectric coefficients and dipole moments were determined 
by known techniques (ref . 10 and ll). An ambient of dry nitrogen 
gas was used throughout. 
Results. 



-(-l-) -Type-(4Al-VFilms. . ____ 

Results are given in liable 2 below, and graphically in Fig /f. 
The sign of the pyroelectric current was the same in all three 
films. Cooling produced a current from the bottom to the top 
electrode, therefore Ps increases with decreasing temperature. 
Reversing the deposition order for the l80N*4A / eicosanoic acid 
film reversed the direction of current flow, p increased with 
temperature for most of the films. 
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Table 2 



A 


B 


F 

(xlO" 9 Cm) 


bilayer 
rep. diat. 


tilt° 


Ps 

(xl0" 3 Cm~ 2 ) 


p 

(xlO~^ 


eicosanoic 
acid 

m • 


140' OkA 
l80lrtA 


1.2+0.3 
1.9 


5.52nra 
3 Arm 


28.9 
^3 


7.9 
9-3 


1.6 
1.9 



note; tilt - tilt of chromophore containing group B with 
respect to film norznal. 
In these films use of lSON^tA is thus^ shown to give better 
Ps and p. 



(2) Type (i) films . 

Two different structures of type (i) containing a chromo- 
phore in each layer have been prepared, ie: 
A B 
l40 f O^A 1801&A 
and lSNC&A 130*&A 

The results for these two films are shown in Fig. 3. 
The pyroelectric response of 1^' 0^A / 180N4A was about 
twice that of l&R&A / lSOK^A. 
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1* A Langmuir-Blodgett (LB) film of ABAB structure composed of 
compounds A and B which are different and which contain complementary 
groups that result in non-centrosymmetry of the layer plane the layers 
A and B optionally being separated by a counter- layer. 

2. An LB film according to claim l r characterised in that compounds 
A and B have a generally similar backbone in terms of disposition of 
functional groups, length, molecular shape and polarity and in which 
A and B contain chromophores, which may be the same or different, 

which result in non-centrosymmetric layering of A and B in the layer 

« 

plane. 

3. An LB film according to claim- 2, characterised in that the 
chromophore group in A and B is the same, but the group is disposed 
within the molecular structures of A and B rotated through 180° about 

an axis perpendicular to the molecular skeleton relative to the positions 
of the hydrophilic and hydrophobic ends. 

4. An LB film according to claim 3, characterised in that A and B 
are independently selected from compounds having a structure: 



CH 3 (CH 2 ) i -.X-^^-Y-(CH 2 ) j.COZ 



where i is 2-20, j is 1-1Q, z is selected from -OH, C. alkyl and 

12 1 2 

m R where R and R may independently be H or C. alkyl, and where 

3 3 

X and Y are independently selected from «NH *=NR (R being C, M 

1—4 

alkyl), -CO, -CH-CN , « CHONO^ - CH ( Halogen \ 9 —COO— j -OOC- j = CH(ONO)^- 
co-NH-, - co.NR 4 (where is G 1 - Cg alkyl) and -0- . 

5. An LB film according to claim 1, characterised in that A is a 

long chaim alkyl amine of structure C H(2n+1)-NH„ where n is 16-26 , 

n 5 2 

and B is a long chain fatty acid of~structure-R — — GOOH-where- 

5 2 m 

R is selected from CH^ and CH^CH and where m is 16-26. 

6. An LB film according to claim, characterised in that A is a long 
chain alkyl amine of structure C n H(2n+l)-NH 2 where n is 16-26, and 

B is a compound of general structure: 
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in which fc is 2-20, 1 is 0 to 10, and Y and Z are as defined in 

* » 

claim 4.7 

7. An LB film according to claim 1 characterised in that A is a long 
chain alky! amine of structure C n H(2n+l)NH 2 where n is 16-26 r and B 

is a compound of structures 

ch 3 (ch 2) p -CK-q-o 

where p is 6-25. 

8, An LB film according to claim 1, characterised in that A is a 

long chain carboxylic acid of general formula R 5 (CH.J COOH where R 5 

2 m 

and m are as defined in claim 5 and B is a compound of general formula: 
GH 3 (CH 2 ) k -X-^)-Y-(CH 2 ) 1 G0Z 

where is 2-20,1 is 0 to 10 and X, Y and Z are as defined in claim 
4. 

9, An LB film according to any one of claims 4, 6, or 8, in which 
X is =C0 and Y is «=M{CH 3 ) or X is «=N(CH 3 > and Y is *C0. 

10. An electro optical device incorporating an LB film according to 
any one of the preceding claims. 
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Fig. 2. 



PPYROELECTRIC 
(DEFICIENT 



12-, 



10- 



8 



(x 1011 c.cm2.K-1) 



6- 



4- 



2- 



• C19H39COOH 
o d7H35C00H 
x C21H43COOH 



(ii)(a) 



? 9 2 8 



9 



250 260 270 280 290 ~300 ~310 



TEMPERATURE! K) 



SUBSTITUTE SHEET 



WO 87/00347 



PCT/GB86/00371 



3lt 



Fig. 3. 
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A eicosanoic acid / stearylamine. (ii)(a) 
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